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MAGNETIC RESONANCE IMAGING
APPARATUS

TECHNICAL FIELD

The present invention relates to a static magnetic field
generator suitable for application to an IVR using a mag-
netlic resonance 1maging apparatus.

BACKGROUND ART

Magnetic resonance 1maging apparatuses obtain a tomo-
graphic 1mage of an examined portion of an object under
examination using a nuclear magnetic resonance phenom-
enon. In order to use the NMR phenomenon, there 1s a need
to locate the object under examination 1n a static magnetic
field. In order to generate the static magnetic field, magnets
are employed. Among the magnets employed for this pur-
pose are permanent magnets, superconductive magnets, or
resistive magnets, and according to the direction of the
magnetic field, the magnets are categorized into the ones of
a horizontal magnetic field type and a vertical magnetic field
type.

In recent years, an Interventional Radiology (IVR) opera-
fion 1s sometimes performed. In this operation, while car-
rying out a diagnosis, medical treatment 1s performed, and
the magnetic resonance 1maging apparatus 1S sometimes
employed for the IVR operation. The IVR operation 1is
performed by directly touching the object under examination
being diagnosed, so that openness 1s required. For the
magnetic resonance 1maging apparatus that satisfies this
requirement, a magnet of the vertical magnetic field type 1s
employed. A prior art that uses the permanent magnet of the
vertical magnetic field type will be described first.

Among magnetic resonance 1imaging apparatuses that use
the permanent magnet, which particularly take openness into
consideration are the ones disclosed i JP-A-8-50170 and
JP-A-11-104109. In JP-A-8-50170, permanent magnets ver-
tically disposed to face each other are supported by two
yokes brought to one side of the apparatus, thereby enhanc-
Ing openness 1n a space where the yokes are not disposed. In
JP-A-11-104109, permanent magnets are supported by a
single yoke, thereby enhancing openness.

Among magnetic resonance imaging apparatuses that use
the superconductive magnet, which particularly takes open-
ness 1nto consideration, 1s the one disclosed 1in JP-A-10-
135027. In JP-A-10-135027, superconductive magnets dis-
posed to face each other are supported by at least two
supporting means brought to one side of the apparatus, and
at the same time, a ferromagnetic memberic material that
prevents leakage flux 1s also brought to one side of the
apparatus, thereby enhancing openness 1n a side where the
supporting means and the ferromagnetic memberic material
are not disposed.

In the prior arts described above, 1n order to enhance
openness, the yokes and the supporting means are brought to
one side of the apparatus or formed to be a single one. With
this arrangement, however, access to the object under examis-
nation during the IVR operation 1s limited. Specifically, in
the configuration disclosed in JP-A-8-50170 or JP-A-10-
135027, where the two yokes or the supporting means
(referred to as two columns) are brought to one side of the
apparatus for supporting, a bed 1s inserted such that the
object under examination passes through between the two
columns. Alternatively, the bed 1s placed at the side of the
two columns and then inserted horizontally. Hence, when
inserting the bed between the two columns, access to the
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object under examination 1s limited to the one from the front
side of the direction of msertion. On the other hand, when
inserting the bed from the side of the two columns, access
1s limited to the one from one side. Accordingly, there may
be a case where the IVR operation 1s performed in an
uncomiortable posture of the operator. Furthermore, the
number of operators, to a certain extent, would be limited.

On the other hand, 1n the configuration disclosed in
JP-A-11-104109, where a single yoke (to be referred to as a
single column) is employed for supporting, the object under
examination 1s placed at the side of the single column, and
the frames of the yoke disposed above and under the
permanent magnets have the shape of a rectangle. For this
reason, when the IVR operation 1s actually performed, if
access to the object under examination from the corner of the
rectangle 1s made, a distance to the object under examination
will be 1ncreased, thereby limiting the position of the opera-
tor for making access.

DISCLOSURE OF THE INVENTION

In view of the problems described above, the present
invention has been made with an object to improve acces-
sibility of an operator to an object under examination during
an IVR operation.

In order to achieve the object described above, a magnetic
resonance imaging apparatus according to the present inven-
fion comprises:

permanent magnets disposed 1n opposition to each other
with respect to a space formed therebetween sufficient to
accommodate an object under examination, for generating a
static magnetic field i a direction of the opposition, a static
magnetic field space being generated in the space;

pole pieces disposed on sides of the permanent magnets
facing the space, for improving uniformity;

yokes disposed outside the permanent magnets to be
opposed each other with respect to the space; and

a column for magnetically connecting the yokes;
wherein the column 1s formed with a single member,

wherein peripheries of the permanent magnets and the
pole pieces are formed to be circular or generally circular,
and

wherein the yokes comprise main body portions for
mounting the permanent magnets thereto and protrusions
jomned to the column, and peripheries of the main body
portions are formed to be arcs or like arcs so as to be aligned
with the peripheries of the permanent magnets and the pole
pieces. Further, the cross section of the column may be
formed to be rectangular and has sides parallel to a line
connecting the center of the column and the center of the
static magnetic field, and the sides are made longer than
sides perpendicular thereto. Still further, the column may be
configured by laminating a plurality of ferromagnetic mem-
beric plates. Further, the yokes may be thicker around the
protrusions thereof for the column than i the portions
thereof for the magnets.

Alternatively, a magnetic resonance 1maging apparatus
COMPrises:

superconductive magnets disposed being opposed each
other with respect to a space formed therebetween sufficient
to accommodate an object under examination, for generating
a static magnetic field in the opposite direction, a static
magnetic field space being formed in the space;

cryostats for surrounding the superconductive magnets,
thereby cooling the superconductive magnets to a supercon-
ductive state and keeping the superconductive magnets in
the superconductive state;
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a connecting tube for coupling and supporting the cry-
ostats;

first ferromagnetic member disposed outside the
cryostats, being opposed each other with respect to the
space; and

a second ferromagnetic member for magnetically cou-
pling and supporting the first ferromagnetic member;

wherein the connecting tube and the second ferromagnetic
member respectively comprise a single member.
Depending on the circumstances, a cover may cover the
connecting tube and the second ferromagnetic member
to form as a single support structure. The peripheries of
the cryostats are formed to be circular, the first ferro-
magnetic member comprises main body portions for
mounting the superconductive magnets thereto and
projections for being joined to the second ferromag-
netic member, and the peripheries of the main body
portions are formed to be like arcs so as to be aligned
with the peripheries of the cryostats. Further, it 1s also
possible to construct the apparatus such that the cross
section of the second ferromagnetic member 1s formed
to be rectangular and has sides parallel to a line
connecting the center of the second ferromagnetic
member and the center of the static magnetic field, and
the sides are made longer than sides perpendicular
thereto.

The second ferromagnetic member may be configured by
laminating a plurality of magnetic plates. Further, the first
ferromagnetic members may be thicker in the protrusions
than 1n the main body portions thereotf.

Still further, the bed can be rotated with respect to the
center of the static magnetic field. The bed can be disposed
so that the body axis direction of the object under exami-
nation 1s substantially oriented toward the center of the static
magnetic fleld space, and can be disposed in a position
where the body axis direction of the object under examina-
tion lying down thereon 1s off an extended line connecting
the center of the static magnetic field space and the center of
the column, and 1s also off a line that passes through the
center of the static magnetic field space and 1s perpendicular
to the extended line.

According to the present mvention, the column or the
second ferromagnetic member of the magnetic resonance
imaging apparatus comprises a single member. Further, the
peripheries of the main body portions of the yokes or the first
ferromagnetic member 1s formed to be circular. With this
arrangment, openness 1s improved, and accessibility of an
operator to an object under examination 1s 1mproved.
Further, by making the sides of the section of the column and
the second ferromagnetic member oriented toward the center
of the static magnetic field space to be longer than the sides
perpendicular thereto, openness and accessibility can be
more 1mproved. In addition, by deflecting the direction of
inserting the object under examination on the bed from a line
connecting the center of the column or the second ferro-
magnetic member and the center of the static magnetic field
space, the column and the second ferromagnetic member do
not hinder the operator from performing medical treatments,
so that access can be made. Still further, by rotating the bed
with respect to the center of the static magnetic field space,
access can be made 1rrespective of the number of operators
and the types of operations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an overall configura-
tion of a magnetic resonance imaging apparatus according to
the present invention;
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FIGS. 2A and 2B are diagrams showing a first embodi-
ment of the present invention;

FIG. 3 1s a diagram showing a first embodiment of the
present 1nvention;

FIGS. 4A and 4B are diagrams showing a second embodi-
ment of the present invention; and

FIG. 5 1s a diagram showing a second embodiment of the
present 1nvention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention will be described
hereafter with reference to appended drawings.

First, an overall configuration of a magnetic resonance
imaging apparatus according to the embodiments will be
described with reference to FIG. 1. The magnetic resonance
imaging apparatus according to the embodiments obtains the
tomographic 1mage of an object 1 under examination using
a nuclear magnetic resonance (NMR) phenomenon. For this
purpose, the apparatus comprises a static magnetic field
generating magnetic circuit 2, a central processing unit
(hereafter to be referred to as a CPU) 8, a sequencer 7, a
transmission system 4, a gradient magnetic field generating
system 3, a reception system 5, and a signal processing
system 6.

The above-mentioned static magnetic field generating
magnetic circuit 2 generates a uniform magnetic flux around
the object 1 under examination 1n a body axis direction of
the object 1 under examination or in a direction perpendicu-
lar to the body axis. In a space that extends around the
above-mentioned object 1 under examination, magnetic field
generating means of the type of the permanent magnet, the
resistive magnet, or the superconductive magnet 1s disposed.

The above-mentioned sequencer 7 operates under control
of the CPU 8§, and transmits various commands necessary for
collecting data on the tomographic 1mage of the object 1
under examination to the transmission system 4, the gradient

magnetic field generating system 3, and the reception system
5.

The above-mentioned transmission system 4 comprises a
radio-frequency oscillator 11, a modulator 12, a radio-
frequency amplifier 13, and a radio-frequency transmission
coll 14a. The transmission system 4 performs amplitude
modulation on radio-frequency pulses supplied from the
above-mentioned radio-frequency oscillator 11 by the
modulator 12 according to the command of the sequencer 7.
After the radio-frequency pulses subjected to the amplitude
modulation have been amplified by the radio-frequency
amplifier 13, the amplified pulses are supplied to the radio-
frequency coil 14a disposed close to the object 1 under
examination. An electromagnetic wave 1s thereby 1rradiated
to the above-mentioned object 1 under examination.

The above-mentioned gradient magnetic field generating,
system 3 comprises gradient magnetic field coils 9 wound 1n
three directions of X, Y, and Z, and a gradient magnetic field
power supply 10 for driving the respective coils. By driving
the gradient magnetic field power supply 10 for the respec-
five coils according to the command of the sequencer 7,
oradient magnetic fields Gx, Gy, and Gz 1n the three direc-
fions of X, Y, and Z are applied to the object 1 under
examination. A slice surface for the object 1 under exami-
nation can be set according to the way 1n which the gradient
magnetic fields are applied.

The above-mentioned reception system 5 comprises a
radio-frequency reception coil 14b, an amplifier 15, a
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quadrature phase detector 16, and an A—D converter 17. An
electromagnetic wave (NMR signal) indicating a response of
the object under examination to the electromagnetic wave
radiated from the radio-frequency transmission coil 14a 1s
detected by the radio-frequency coil 145 disposed close to
the object 1 under examination, and supplied to the A-D
converter 17 through the amplifier 15 and the quadrature
phase detector 16 for conversion to a digital quantity. On this
occasion, the A-D converter 17 samples two series of
signals supplied from the quadrature phase detector 16 at a
fiming commanded by the sequencer 7, and then supplies
two series of digital data. These digital signals are fed to a
signal processing system 6 and subject to Fourier transfor-

mation.

The signal processing system 6 comprises a disk memory
for performing data writing using the CPU 8, light, and
magnetism, a recording device such as a magnetic tape 19,
and a display 20 such as a CRT. The signal processing
system 6 performs processing such as the Fourier
fransformation, a correction factor calculation, and an 1mage
reconstruction using the digital signals, and performs 1mag-
ing of a signal strength distribution of an arbitrary section or
a distribution obtained by performing appropriate operations
on a plurality of signals, for display on the display 20.

Next, a first embodiment of the present mvention will be
described with reference to FIGS. 2A, 2B, and 3. FIG. 2B 1s
a diagram showing a section along a line A—A' in FIG. 2A
and a table arrangement. A pair of yokes 51a and 515 made
of 1ron support permanent magnets 52a and 52b, and pole
pieces 33a and 53b respectively so that the permanent
magnets 52a and 52b are disposed to face each other and the
pole pieces 53a and 53b are disposed to face each other. The
yokes 51a and 51b are held by a single column 57 such that
the yokes 51a and 51b are opposed, being separated apart by
a predetermined distance to form a static magnetic field
space therebetween.

That the permanent magnets 52a and 526 have ditferent
polarities, so that a magnetic circuit comprising, in this
order, the permanent magnet 52a, the pole piece 534, the
pole piece 53b, the permanent magnet 52b, the yoke 51b, the
column 57, the yoke 51a to the permanent magnet 52a 1s
formed. The permanent magnets 52(a, b) are formed to be
circular, and the pole pieces 53(a, b) formed to be circular
are respectively disposed on the sides of the static magnetic
field space defined by the permanent magnets 52(a, b). Both
of the peripheral edges of the upper pole piece 53a and of the
lower pole piece 53b have annular protrusions 56(a, b) of the
same shape, respectively. The annular protrusions 56(a, b)
serve to prevent leakage of the magnetic flux around the
apparatus, thereby improving uniformity inside the space.

The yokes 51(a, b) comprise main body portions S11(a, b)
for mounting the permanent magnets 52(a, b) thereto, and
protrusions 512(a, b) for mounting the column 57 thereto.
The main body portions 511(a, b) are formed to be aligned
with the permanent magnets 52(a, b), while the protrusions
512 (a, b) are formed to be aligned with the column 57. The
column 57 should be formed to have the shape of a circular
cylinder or a prism. However, 1t 1s preferable that a length L1
of the column that extends in the direction of a line con-
necting a center O of a static magnetic field space 50 and a
center O' of the column 57 1s larger than a length L2 of the
column perpendicular thereto. In other words, the column 57
should be formed be an elliptic cylinder or a rectangular
prism. This allows the support strength of the yokes §1(a, b)
to be sufficient. Furthermore, by shortening the above-
mentioned orthogonal length .2 as much as possible in the
column 57, the accessibility of an operator to the object 1
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under examination 1s improved. However, it becomes nec-
essary for the magnetic flux to be sufliciently passed through
the column §7. In order to achieve this purpose, the cross-
section area of the column should be increased. An increase
in the length L1 of the column 57 in the direction that
extends to the static magnetic field center O can ensure a
desired sectional area. If the length L1 of the column 57 that
extends to the static magnetic field center O cannot be made
so long, the thickness of the protrusions 512(a, b) of the
yokes S51(a, b) may also be increased to ensure the area of
the section. Though the column 57 1s configured to be a
single-piece columnar body, a plurality of plate-like units
may also be laminated to form a single column.

Further, a bed 58 for mserting the object 1 under exami-
nation can be disposed 1n a position off the line that passes
through the center O' of the column 57 and the center O of
the static magnetic field space 50 to get out of the way of the
operator who performs the IVR operation or the like. If the
directions of insertion of the object 1 under examination are
denoted by an X axis and a Y axis, the column §7 1s not
disposed on the X nor Y axis. Thus, from the side of the
apparatus or from the back of the apparatus, the operator can
freely make access to the object 1 under examination
inserted 1nto the static magnetic field space 50 from outside
the apparatus. Consequently, the operator can easily perform
various treatments including the IVR operation and the like,
in a comiortable posture.

The position of an operator may change according to the
number of operators and the type of the operations. In order
to cope with this change, a bed 58' may be so configured as
to rotate along the periphery of the main body portion 5115
of the yoke 51b with respect to the center O of the static
magnetic space 50, as shown 1n FIG. 3. On this occasion, 1f
the bed 58' 1s movable like a stretcher, a guide rail or the like
may be provided for the periphery of the main body portion
511b of the yoke 51b so as to allow movement along the
periphery of the main body portion 5115 using the guide rail
to which the bed 1s attached. Alternatively, it the bed 58' 1s
fastened to the apparatus, a transfer mechanism may also be

directly provided for the periphery of the main body portion
511b of the yoke 51b.

In this manner, by employing a single column 57 for the
magnetic resonance 1imaging apparatus that uses the perma-
nent magnet of the vertical magnetic field type, and forming
the peripheries of the main body portions 511(a, b) of the
yokes S51(a, b) to have a circular shape, the accessibility of
the operator to the object 1 under examination during the
IVR operation or the like 1s improved. Further, by forming
the column 57 to be the elliptic cylinder or the rectangular
prism, openness can be further enhanced. Still further, by
allowing the bed 38 to be disposed in a position off the
extended line that passes through the center O of the static
magnetic field space 50 to the center O' of the column 57, the
operability of the operator 1s further improved.

Next, a second embodiment of the present invention will
be described with reference to FIGS. 3, 4A, and 4B. FIG. 4B
1s a diagram showing a section along a line B-B' in FIG. 4A
and a table arrangement. Cryostats 88(a, b) for accommo-
dating superconductive coils 81(a, b), which are sources for
generating the magnetic field, are disposed to be vertically
opposed, being symmetrical about the static magnetic field
space 50. The superconductive coils, which are the sources
for generating this magnetic field, are configured to generate
a uniform, high-intensity magnetic field in the wvertical
direction of the static magnetic field space 50. The cryostats
88(a, b) for accommodating the circular superconductive
colls are also shaped to be cylindrical and are vertically
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opposed, being symmetrical about the static magnetic field
space 50. The cryostats 88(a, b) respectively comprise a
vacuum chamber, a thermal shield, and a refrigerant. The
cryostats 88(a, b) cool and keep the superconductive coils in
the state of superconduction. The two cryostats 88(a, b) are
supported by a single connecting tube 91 disposed
therebetween, retaining a predetermined distance. The con-
necting tube 91 serves to mechanically support the upper
and lower cryostats 88(a, b). As necessary, it may be so
coniigured that the connecting tube 91 also serves to estab-
lish thermal connection between the upper and lower cry-
ostats 88(a, b) (with liquid helium or the like employed as
the refrigerant). In this case, the connecting tube 91 is
constructed such that a refrigerant chamber 82 1s disposed 1n
the center thereof, and a thermal shield 83 and a vacuum
chamber 84 are disposed around the refrigerant chamber, for
example. With this arrangement, the need for providing a
refrigerator for each of the upper and lower cryostats 88(a,
b) is eliminated, so that it becomes possible that only a single
refrigerator suflices a system.

On the other hand, in order to reduce magnetic field
leakage to the outside of the apparatus caused by the
magnetic flux generated by the superconductive coils, which
are the sources of the magnetic field, magnetic shields made
of iron are provided for the peripheries of the cryostats 88(a,
b). Specifically, the upper portion of the upper cryostat 88«
and the lower portion of the cryostat 88b are shielded by iron
plates 93(a, b) corresponding to the yokes. In addition, the
upper and lower iron plates 93(a, b) are magnetically
connected by a single iron column (corresponding to the
column) 92 formed of a plurality of column-like plates. The
upper and lower cryostats 88(a, b) are fastened respectively
to the upper and lower iron plates 93(a, b) by bolts. By
shielding the circumferences of the sources for generating
the magnetic field using a ferromagnetic memberic material
such as iron, a magnetic path (return path) is formed for the
magnetic flux generated outside the apparatus. For this
reason, spreading of the leakage flux to a distance can be
prevented. As the ferromagnetic memberic material to be
employed 1n this embodiment, any material other than 1ron
can also be selected, provided that 1t magnetically exhibits
ferromagnetic memberism. However, 1n view of magnetic
characteristics, cost, and mechanical strength, 1t 1s com-
monly preferable to employ 1ron.

The iron plates 93(a, b) comprise main body portions
931(a, b) for mounting the cryostats 88(a, b) thereto and
protrusions 932(a, b) for mounting the iron column 92
thereto. The main body portions 931(a, b) are formed to be
aligned with the cryostats 88(a, b), while the protrusions
932(a, b) are formed to be aligned with the iron column 92.
The 1ron column 92 1s formed to be a circular cylinder or a
prism. However, 1t 1s preferable that the length L1 of the 1ron
column 92 1n the direction of a line connecting the center O
of the static magnetic field space 50 and the center O' of the
iron column 92 1s made longer than the length L.2 of the 1ron
column perpendicular thereto. In other words, the 1ron
column 92 should be formed to be an elliptic cylinder or a
rectangular prism. This allows the support strength of the
iron plates 93(a, b) to be sufficient. The thickness of the
protrusions 932(a, b) of the iron plates 93(a, b) can be
increased in view of the weight of the iron plates 93(a, b).

Alternatively, the connecting tube 91 and the 1ron column
92 may be covered with a cover to look like a single support
post.

Further, the bed 38 for inserting the object 1 under
examination can be disposed 1n a position off the line that
passes through the center of the 1ron column 92 and the
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center O of the static magnetic field space to get out of the
way of the operator who performs the IVR operation or the
like. If the directions of insertion of the object 1 under
examination are denoted by the X axis and the Y axis, the
iron column 92 1s not positioned on the X and Y axes. Thus,
from the sides or back of the apparatus, the operator can
freely access the object 1 under examination inserted into
the static magnetic field space 50 from the outside of the
apparatus. Consequently, the operator can easily perform
various treatments including the IVR operation and the like,
in a comiortable posture.

The position of an operator may change according to the
number of operators and the type of the operations. In order
to cope with this change, the bed 58' may be formed to rotate
along the periphery of the main body portion 93256 of the
iron plate 93b with respect to the center O of the static
magnetic field space 50, as shown m FIG. 5. On this
occasion, 1f the bed 58' 1s movable like the stretcher, the
oguide rail or the like may be provided for the periphery of
the main body portion 9315 of the 1ron plate 93b so as to
allow movement along the periphery of the main body
portion 931b using the guide rail to which the bed 1s
attached. If the bed 38' 1s fastened to the apparatus, the
fransfer mechanism may be directly provided for the periph-
ery of the main body portion 9315 of the 1ron plate 93b.

By employing a single 1ron column 92 and a single
connecting tube 91 for the magnetic resonance 1maging
apparatus that employs the superconductive magnets of the
vertical magnetic field type and forming the peripheries of
the main body portions 931(a, b) of the iron plates 93(a, b)
to be circular, the accessibility of the operator to the object
under examination during the IVR operation or the like 1s
improved. Further, by forming the section of the 1ron column
92 to have the shape of the elliptic cylinder or the rectan-
ogular prism, openness can be further enhanced. Still further,
by shifting the position of the bed 538 off the extension of the
line that passes through the center O of the static magnetic
field space 50 and the center O' of the iron column 92, the
operability of the operator 1s further improved.

To take an example, the bed can be disposed so that an
angle formed between the line connecting the center of the
static magnetic field space and the center O' of the 1ron
column 92 and a line connecting the center of the static

magnetic field space and the center of the bed ranges from
45° to 135° or from 225° to 315°. The same scheme applies

to FIG. 2B as well.
What 1s claimed 1s:

1. A magnetic resonance 1maging apparatus comprising:

permanent magnets disposed 1n opposition to each other
with respect to a space suilicient to accommodate an
object under examination formed therebetween, for
generating a static magnetic field 1n a direction perpen-
dicular to a body axis of the object under examination,;

pole pieces disposed on sides of the permanent magnets

facing the space, for improving uniformity;

yokes disposed outside the permanent magnets to be
opposed each other with respect to the space; and

a column for magnetically connecting the yokes;

wherein the column comprises a single member,
wherein peripheries of the permanent magnets and the pole
pieces are formed to be circular or generally circular, and

wherein the yokes comprise main body portions for
mounting the permanent magnets thereto and protru-
sions joined to the column, and peripheries of the main
body portions are formed to be arcs or like arcs so as
to be aligned with the permanent magnets and the pole
pleces.
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2. The magnetic resonance 1maging apparatus according
to claim 1, wherein a cross section of the column 1s formed
to be rectangular, the cross section has sides parallel to a line
connecting a center of the column and a center of the static
magnetic field, and the sides are made longer than sides
perpendicular thereto.

3. The magnetic resonance 1imaging apparatus according
to claim 1, wherein a cross section of the column 1s formed
to be an ellipse, and a longer diameter of the ellipse 1s
disposed 1n a location that coincides with a line connecting
a center of the column and a center of the static magnetic
field.

4. The magnetic resonance 1imaging apparatus according,
to claim 1, wherein the column 1s configured by laminating
a plurality of ferromagnetic memberic plates.

5. The magnetic resonance 1maging apparatus according,
to claim 1, wherein the yokes are thicker near the column
than 1n the main body portions thereof.

6. The magnetic resonance 1maging apparatus according
to claim 1, further comprising a bed capable of being rotated
in a horizontal direction with respect to a center of the static
magnetic field and capable of being disposed so that a body
axis direction of the object under examination i1s substan-
tially oriented toward the center of the static magnetic field.

7. A magnetic resonance 1maging apparatus comprising:

superconductive magnets disposed 1n opposition to each
other with respect to a space suflicient to accommodate
an object under examination formed therebetween, for
generating a static magnetic field 1n a direction perpen-
dicular to a body axis of the object under examination,;

cryostats disposed 1n opposition to each other for sur-
rounding the superconductive magnets, thereby cooling
the superconductive magnets to a superconductive state
and keeping the superconductive magnets 1n the super-
conductive state;

a connecting tube for connecting and supporting the
cryostats;

first ferromagnetic member disposed outside the cryostats
to be opposed each other with respect to the space; and

a second ferromagnetic member for magnetically con-
necting and supporting the first ferromagnetic member;

wherein the connecting tube and the second ferromagnetic

member respectively comprises a single member.

8. The magnetic resonance 1imaging apparatus according
to claim 7, wherein a cross section of the second ferromag-
netic member 1s formed to be rectangular, the cross section
has sides parallel to a line connecting a center of the second
ferromagnetic member and a center of the static magnetic
field, and the sides are made longer than sides perpendicular
thereto.

9. The magnetic resonance 1maging apparatus according
to claim 7, wherein a cross section of the second ferromag-
netic member 1s formed to be an ellipse, and a longer
diameter of the ellipse 1s disposed 1n a location that coin-
cides with a line connecting a center of the second ferro-
magnetic member and a center of the static magnetic field.

10. The magnetic resonance 1maging apparatus according
to claim 7, wherein the second ferromagnetic member 1s
configured by laminating a plurality of ferromagnetic mem-
beric plates.

11. The magnetic resonance 1imaging apparatus according
to claim 7, wherein the first ferromagnetic member 1s thicker
near the second ferromagnetic member than in the main
body portions thereotf.

12. The magnetic resonance 1maging apparatus according
to claam 7, further comprising a cover for covering the
connecting tube and the second ferromagnetic member to
form a single support structure member for the upper and
lower superconductive magnets.
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13. The magnetic resonance 1maging apparatus according
to claim 7, further comprising;:

a bed capable of being rotated 1n a horizontal direction
with respect to a center of the static magnetic field and
capable of being disposed so that a body axis direction
of the object under examination i1s substantially ori-
ented toward the center of the static magnetic field.

14. A magnetic resonance 1maging apparatus comprising:

a pair of magnet devices vertically disposed, 1n opposition
to each other with respect to a static magnetic field
space formed therebetween for accommodating an
object under examination, the pair of magnet devices
having a circular outer shape;

a single support structure member coupled to one end
portion of the magnet devices, for supporting the mag-
net devices; and

a bed movably connected to a periphery of one of the pair

of magnet devices, said bed being rotatable along the
periphery of the one of the pair of magnet devices 1n a
horizontal direction with respect to a center of the static
magnetic field space.

15. A magnetic resonance 1maging apparatus comprising:

a pair of magnet devices vertically disposed 1n opposition
to each other, for forming a static magnetic field space
therebetween,;

a single support structure member coupled to one ends of
the magnet devices, for supporting the pair of magnet
devices; and

a bed for carrying and transferring the object under
examination to a center of the static magnetic field
space, the bed being movably connected toward a
periphery of one of the pair of magnet devices so that
a longitudinal direction of the bed 1s directed to a center
of the static magnetic field space and rotatable along
the periphery of the one of the pair of magnet devices;

wheremn the bed 1s positioned so that the object under
examination 1s transferred 1n a direction other than a
direction of an extended line connecting the center of
the static magnetic field space and a center of the single
support structure member.

16. A magnetic resonance 1maging apparatus comprising:

a pair of magnet devices vertically disposed 1n opposition
to each other for forming a static magnetic field space
therebetween;

a single support structure member coupled to one ends of
the pair of magnet devices, for supporting the pair of
magnet devices; and

a bed for carrying and transferring the object under
examination lying down thereon to a center of the static
magnetic field space, the bed being movably connected

to a periphery of one of the pair of magnet devices so
that a longitudinal direction of the bed 1s directed
toward a center of the static magnetic field space and
rotatable along the periphery of the one of the pair of
magnet devices;

wherein the bed 1s positioned so that an angle formed
between a line connecting the center of the static
magnetic field space and a center of the single support
structure member and a line connecting the center of
the static magnetic field space and a center of the bed

1s 1n the ranges from 45 to 135 degrees or from 225 to
315 degrees.
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